ABO 3 -type phases with polar LiNbO 3 (LN) structure are of great interest in Materials Science and have motivated more and more investigation on new materials discoveries. 1 The formation of LN-type crystal structure (rhombohedral, space group (SG) R3c) requires small or comparable cation sizes for both atoms in A-and B-sites, giving a small tolerance factor (t). The small value of t leads to 6-coordinated AO 6 and BO 6 octahedra, compared with the AO 12 coordination in the ideal cubic perovskite (t ≈ 1.00, SG of Pm-3m) and AO 8 coordination in the related orthorhombic GdFeO 3 -type (t ≈ 0.90, ab + atilting, SG of Pnma) perovskites. The AO 6 octahedral environment in the LN-structure leads to large structural distortions and octahedral tilting (aaa -). The A and B sublattices are formed by corner-sharing AO 6 ( Figure S1a ) and BO 6 ( Figure S1b ) octahedra, respectively; the AO 6 and BO 6 sublattices interconnect via edge-sharing octahedral dimers in the ab plane and face-sharing octahedral pairs along the c-axis ( Figure S1c) to build the three dimensional framework of the LN structure. 2
Science and have motivated more and more investigation on new materials discoveries. 1 The formation of LN-type crystal structure (rhombohedral, space group (SG) R3c) requires small or comparable cation sizes for both atoms in A-and B-sites, giving a small tolerance factor (t). The small value of t leads to 6-coordinated AO 6 and BO 6 octahedra, compared with the AO 12 coordination in the ideal cubic perovskite (t ≈ 1.00, SG of Pm-3m) and AO 8 coordination in the related orthorhombic GdFeO 3 -type (t ≈ 0.90, ab + atilting, SG of Pnma) perovskites. The AO 6 octahedral environment in the LN-structure leads to large structural distortions and octahedral tilting (aaa -). The A and B sublattices are formed by corner-sharing AO 6 ( Figure S1a ) and BO 6 (Figure S1b) octahedra, respectively; the AO 6 and BO 6 sublattices interconnect via edge-sharing octahedral dimers in the ab plane and face-sharing octahedral pairs along the c-axis ( Figure S1c As shown in Figure S1d -e, the LN-type structure can be regarded as a highly distorted perovskite compared with the GdFeO 3 -type materials. It is clear that in the LN-structure, the BO 6 octahedra are arranged similarly via corner-sharing, but with more distortion and tilting ( Figure   S3 S1e). In LN the A-site cations displace away from the octahedral center and generate 3 long and 3 short A-O bonds, respectively; 2 while in the GdFeO 3 structure, the A-O distances of the AO 8 are more irregular and the A-cations are distributed more randomly. 3 However, it is noteworthy that in some cases the GdFeO 3 and LN phases are competing, because of their close t values. For example, the LN-type phase is formed in ScFe 1-x Cr x O 3 (t ≈ 0.83) for x below 0.10, but GdFeO 3type phase for x above 0.50, and both phases were reported to coexist for 0.10 < x < 0.50. 4, 5 Generally, the highly distorted LN phase with smaller t can only be stabilized under high pressure, but the GdFeO 3 phase can be prepared under lower or ambient pressure.
Ambient and High Pressure Synthesis
Attempts to prepare Zn 2 FeTaO 6 at ambient pressure were unsuccessful. A stoichiometric mixture of ZnO (99.9%, Alfa Aesar), Fe 2 O 3 (99.999%, Sigma Aldrich), and Ta 2 O 5 (99.85%, Alfa Aesar) was pressed into a pellet and annealed between 1173 and 1523 K in air. Laboratory powder x-ray diffraction (XRD) data, collected in a Bruker D8 Advance diffractometer, indicated that it was fully reacted to form a mixture of ZnFe 2 O 4 (PDF#: 01-082-1042), 6 ZnTa 2 O 6 (PDF#: 00-039-1484) 7 , and FeTa 2 O 6 (PDF#: 01-083-0588) 8 between 1473 and 1523 K ( Figure   S2 ). The pellet melted above 1523 K.
To make phase pure Zn 2 FeTaO 6 , high pressure synthesis was applied. The original oxide mixture was pressurized typically over 8-12 hours and reacted at 1623 K under 9 GPa for 1 h, in a LaCrO 3 heater lined with Pt capsule inside a MgO crucible in a multi-anvil press, 9 and then quenched to room temperature in a few seconds by turning off the voltage supply to the resistance furnace. The pressure is maintained during the temperature quenching and then decompressed typically in 8-12 hours. Laboratory XRD data analysis of the high pressure (HP) product shows a pure rhombohedral phase ( Figure S2 
Powder Synchrotron X-ray Diffraction Studies
Powder synchrotron x-ray diffraction (PSXD) data were collected on the beam line X-16C (λ = 0.70018 Å) at the National Synchrotron Light Source (NSLS), Brookhaven National Laboratory (US). Diffraction data analysis and Rietveld refinement were performed with the TOPAS software package 10 and EXPGUI Interface for GSAS program package. 11 Table S1 shows the selected interatomic distances, bond angles, bond valence sums (BVS) calculations, and octahedral distortion parameters (∆) of Zn 2 FeTaO 6 refined in the polar R3c structure. In Figure S3c Ta L 3 -edges for Zn 2 FeTaO 6 , together with the corresponding standards are shown. The intense peak features at the L 3 -edges of 4d/5d transition metals (T) involve 2p-core to 4d/5d final-state transitions. [16] [17] [18] [19] [20] [21] [22] These features can provide a probe of the empty 4d state energy distribution, albeit modified by the transition matrix element, core-hole interaction and multiplet effects. [16] [17] [18] [19] [20] [21] [22] In the octahedral coordination, typical of perovskite-based compounds, the transition metal d-states are split into lower energy, t 2g (sextet) and a higher energy e g (quartet)
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states. In low-d-occupancy transition metals (as Ta), the T L 3 -edges display a robust two peak structure with the lower energy peak (A) involving transitions into empty t 2g states; and the high- Here the formal valence is used ignoring more subtle hybridization/covalency effects.
S8 energy peak (B) involving excitations into empty e g states ( Figure S3c ). Thus for d-hole counts greater than 4 the B-feature intensity reflects the empty e g states and the intensity of the Afeature scales with the number of t 2g -holes. Thus the A-feature intensity, relative to that of the Bfeature, provides an indicator of the T 5d count/valence state. This effect is well illustrated in the left side of Figure. S3c where a comparison of the T L 3 -edges of ~5d 0 and ~5d 1 compounds has been made. In the ~5d 0 compounds (W 6+ and Ta 5+ ), the peak intensity of the A-feature is more intense, and in the ~5d 1 compound (Re 6+ ), it is less intense than the B-feature. In Figure S3c 6 , and further support the atomic environment and electron configurations suggested by the crystal structure analysis.
Magnetic, Dielectric, and Ferroelectric Properties Measurements
Magnetization measurements were carried out with a commercial Quantum Design superconducting quantum interference device (SQUID) magnetometer. The susceptibility was measured in zero field cooled (ZFC) and field cooled (FC) conditions under a 0.1 T magnetic field, for temperatures ranging from T = 5 to 300 K. Isothermal magnetization curves were obtained at T = 5-300 K under an applied magnetic field that varied from -5 to 5 T. The dielectric properties were measured with a NovoControl-Alpha frequency response analyzer. The ferroelectric P-E loops were recorded with a modified Sawyer-Tower circuit employing a Keithley 6517 electrometer. The samples were sandwiched between Ag paste deposited electrodes, in parallel plate geometry for the above measurements.
